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Abstract 
Partial least squares modeling is a powerful multivariate statistical tool applied to extraction spectrophotometric 
simultaneous determination of mixtures of copper and cobalt. The method is based on the formation of complexes of 1-(2-
Thiazolylazo)-2-naphthol (TAN) with copper and cobalt. The TAN complexes are quantitatively extracted into 
dichloromethane and the resolution of the mixtures is accomplished by partial least squares (PLS). Orthogonal signal 
correction (OSC) is a preprocessing technique used in the information unrelated to the target variables based on 
constrained principal component analysis. OSC is a suitable preprocessing method for partial least squares calibration of 
mixtures without loss of prediction capacity using spectrophotometric method. In this study, the calibration model is based 
on absorption spectra in the 350-750 nm range for 25 different mixtures of copper and cobalt. Calibration matrices ranges 
were 1.0-300.0 and 1.0-200 ng ml-1 for copper and cobalt, respectively. A series of synthetic solutions containing different 
concentrations of copper and cobalt was used to check the prediction ability of the PLS and OSC-PLS models. The 
RMSEP for copper and cobalt with OSC and without OSC was 0.266 and 0.378, 0.513 and 0.643, respectively. The 
method was successfully applied to the analysis of spiked water (river, tap and well) samples. 
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The simultaneous analysis of multi-component systems with absorption spectroscopic methods has been 
used increasingly during the past decade.  Liquid- liquid extraction methods for the separation and 
determination of copper and cobalt are limited [1].  Many of the systems employ on-line separation of the 
analyte from specific interferences. 1-(2-Thiazolylazo)-2-naphthol (TAN) [2] is an excellent complexometric 
indicator and potentiometric reagent for determining of many metal ions. Partial least squares (PLS) are the 
widely used regression method in chemometrics [3-4]. The basic concept of PLS regression was originally 
developed by Wold [5-6] and application of PLS in spectrophotometric data have been discussed in several 
studies [7-12]. Orthogonal signal correction (OSC) [13] was introduced by Wold et al. to remove systematic 
variation from the response matrix (absorption) that is unrelated, or orthogonal, to the property matrix 
(concentration).  Recently, application of orthogonal signal correction in spectrophotometry for simultaneous 
determination by PLS has been reported [14-15]. In this study, extraction and measurement of copper and 
cobalt complexes formed by two cations with the reagent 1-(2-Thiazolylazo)-2-naphthol (TAN) has been 
done. 
2. Experimental 
2.1. Instruments and software 
Spectrophotometer (Agilent) HP8453 equipped with a quartz cell path length of 1 cm and Chemstation 
program (Agilent Technology) were used to measure the absorption spectra. The pH meter Horiba (M-12) 
was used to adjust the pH which had been calibrated with two standard buffers (pH 4 and 9). Microliter 
syringe (Hamiltonian) was used to inject small amounts of metals. Data was processed by MATLAB software 
(ver-6.5) and the PLS-Toolbox (ver-2). 
2.2. Reagents 
Nitrate salts of copper, cobalt nitrate, reagent 1-(2-Thiazolylazo)-2-naphthol, acetic acid, boric acid and 
phosphoric acid which have high analytical grade were prepared from Merck company. Distilled water 
(distilled twice) was used to produce the solution. Stock solutions of 1000 μg ml-1 solution containing copper 
(II) and cobalt (II) were prepared by dissolving the appropriate amount of respective salts in distilled water. 
Stocks solution of 1-(2-Thiazolylazo)-2-naphthol with concentration of 1.17×10-3 M was produced by 
dissolving the appropriate amount of reagent in acetone and ethanol solvents. The universal buffer which is a 
mixture of acetic acid, phosphoric acid and boric acid has been used to adjust the pH. Moreover, for adjusting 
the pH, sodium hydroxide and hydrochloric acid were used as well. 
2.3. Procedure 
After determining the optimal amount, in a 50 mL volumetric flask, 0.2 mL 1-(2-Thiazolylazo)-2-naphthol 
and 2mL buffer pH=10 were poured and then was brought to volume by twice distilled water. The metal 
injection was done by using syringe Hamiltonian. At the next stage, the solutions were transferred to the 
separator funnel, and 4mL extraction solvent dichloromethane was added to those solutions. After that, the 
solutions were shaken in the separator funnel for 5 minutes until its two phases, aqueous and organic phase, 
were completely separated. When the organic phase containing the above ligand was contacted with aqueous 
phase containing copper (II) and cobalt (II), the ligand with copper (II) and cobalt (II) constituted a complex 
and pushed them simultaneously toward the organic phase. Quantitative measurements have been done by 
using the absorption resulted from organic phase.  The Spectra have been studied in the wavelength range of 
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350-750 nm. 
3. Results and Discussion 
3.1. Spectral Studies 
In this study, the measurements are based on the forming of copper and cobalt complexes with the ions 
reagent 1-(2-Thiazolylazo)-2-naphthol. The absorption spectra of reagent and the copper and cobalt 
complexes at pH=10 have been shown in Figure (1). As the figure shows, the absorption spectra have a great 
overlapping and the simultaneous measurement of these two ions can not be taken by classic methods. The 
most advantage of the multivariable calibration methods is that, we can determine the concentrations of one or 
more component simultaneously in complex matrices in the presence of other species. 
3.2. Multivariable calibration 
Multivariable calibration methods such as partial least squares (PLS) are composed of two steps which are 
calibration (training) and test (prediction). For getting the best results at the calibration step, we have 
developed 25 mixtures in Table 1. In Table 2, synthetic samples have been prepared for assessing the 
developed calibration model. Under the optimal conditions, absorbing the mixtures has been recorded at 
wavelength range 350-750 nm. This information was used for analyzing by PLS and OSC-PLS models. 
3.3. Simultaneous measurement of copper and cobalt in real samples 
Proposed method for simultaneous spectrophotometric measurement of copper and cobalt was applied in 
the real samples successfully. Those real samples in this method are water samples (river water, tap water and 
well). Table 3 shows the results obtained for real matrix samples. The precision of the method was 
investigated by the analysis of the samples in the real samples three times each. The results showed that the 
relative standard deviation (R.S.D.) was acceptable (Table 3). Therefore, the OSC -PLS model is able to 










Fig. 1.  Absorption spectra of: (a) 1-(2-Thiazolylazo)-2-naphthol (9.4×10-5 M), (b) 150 PPb Cobalt, (c) 150 PPb Copper  in pH=10. 
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Table 1. Concentration data of the different mixtures used in the calibration set for the determination of copper and cobalt (ng mL-1) 
Table 2. Added concentrations and measured copper and cobalt in synthetic samples (ng mL-1) 
Added Found (PLS) Error (%) Found (OSC-PLS) Error (%) 
Cobalt Copper Cobalt Copper Cobalt Copper Cobalt Copper Cobalt Copper 
2.0 2.0 2.10 1.90 1.10 -6.00 2.01 1.99  0.50 -7.89 
2.0 250.0 1.93 263.21 -5.00 5.62 1.98 251.10 -7.30        0.44 
70.0 90.0 72.30 85.14 2.70 -7.22 70.05 90.01  0.05 0.01 
70.0 280.0 73.12 271.10 3.50 -6.66 70.10 279.20  1.00 -8.38 
120.0 170.0 126.18 161.88 5.30 -4.10 120.15 169.18  1.40 -6.87 
160.0 2.0 151.50 1.68 -3.00 -2.99 159.68 1.99 -6.00 -7.89 
160.0 250.0 153.10 259.25 -4.19    2.43 159.71 251.08 -6.10     0.43 
180.0 90.0 186.71 84.21 4.70 -7.00 180.12 91.03  0.06 1.14 
180.0 250.0 183.23 241.30 2.35 -5.23 180.33 249.26  0.18 -6.63 
180.0 280.0 173.09 292.10 -2.80     6.30 180.10 279.76  0.05 -8.99 
NF a  6 5   3 3   
PRESS  0.285 0.355   0.007 0.005   
RMSEP  0.643 0.513   0.378 0.266   
RSEP(%)  6. 008 5. 928   2.765 2.592   
γb  99 102   83 89   
LODb  0.35 0.41   0.24 0.29   
a Number of factor. 
b γ (analytical sensitivity) = SEN/[V(R)]1/2 where SEN is the sensitivity (estimated as the net  analyt signal) and V(R) is the variance of 
the instrumental signal and LOD (limit of detection) = 3.3s(0) where s(0) is the S.D. in the predicted concentration of copper and cobalt 
in a blank sample. 
Table 3. OSC -PLS results applied on the real samples (ng mL-1) 
Samples  
Cu2+ Co2+ 
Added Determineda  S.D. b Recovery(%) Added Determineda S.D. b Recovery (%) 
River 
water 
- 0.20 0.14 - - < 0.04 - - 
0.18 0.39 0.11 91.0 0.23 0.24 0.12 - 
Tap  
water 
- 0.29 0.16 - - < 0.04 - - 
0.38 0.65 0.13 93.0 0.21 0.22 0.10 - 
Well 
water 
- 0.24 0.15 - - 0.11 0.10 - 
0.12 0.42 0.14 98.0 0.18 0.29 0.07 94.0 
 
a Average of three separate determination. 
b Standard deviation for  n = 3. 
Mixture Co2+ Cu2+ Mixture Co2+ Cu2+ Mixture Co2+ Cu2+ 
M1 1 1 M10 50 300 M19 150 225 
M2 1 75 M11 100 1 M20 150 300 
M3 1 150 M12 100 75 M21 200 1 
M4 1 225 M13 100 150 M22 200 75 
M5 1 300 M14 100 225 M23 200 150 
M6 50 1 M15 100 300 M24 200 225 
M7 50 75 M16 150 1 M25 200 300 
M8 50 150 M17 150 75    
M9 50 225 M18 150 150    
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4. Conclusion 
A new method for simultaneous measurement of copper and cobalt is presented by using UV-VIS 
spectrophotometer, partial least squares (PLS) and orthogonal signal correction (OSC) preprocessing. 
Simultaneous measurement of copper and cobalt by classical methods is not possible because of overlapping 
of absorbance spectra. For simultaneous measuring of copper and cobalt, a simple, sensitive and inexpensive 
method has been presented in which all effective parameters have been studied. According to the presented 
results, this method has a low detection limit and appropriate standard deviation values and finally this 
method has been applied to copper and cobalt measurement in real and synthetic samples. 
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